A spin-polarized local-density Green s-function calculation for tetrahedral interstitial 3d impurities in silicon reveals a new energy-level scheme that explains the observed chemical trends both in ground-state properties (hyperfine coupling constants and g values) and in excited-state properties (donor and acceptor ionization energies).
I. THE ISSUES l More than twenty years ago, Ludwig and Woodbury' (LW) proposed what has since become the classical model for explaining the observed electron paramagnetic-resonance (EPR) spectra of interstitial 3d-transition (T) atom impurities in silicon. This model has since been extended to magnetic impurities in many other semiconductors. '
This classical crystal-field model' shows that the tenfold degenerate atomic 3d-orbital splits in the tetrahedral interstitial symmetry of a silicon lattice into a sixfold degenerate t2 orbital, separated by a crystal-field (CF) splitting b, cF from the fourfold degenerate e orbital above it. These levels are further split by the exchange interactions 5" into spin-up (t+ and e+) and spin-down (t and e ) components.
In 
II. ELECTRONIC STRUCTURE
Central to the understanding of the properties of such impurities in covalent semiconductors is the fact that much of the 3d character exists as broad, impurity-induced valenceband resonances (missing in classical ionic models'~) and not only as isolated gap levels (the only ones present in ionic systems, e.g. , MgO:3d V+, and Co2+ for which we predict the low-spin multiplets 'Ti, 'T2, 'T2 and 'T~, and 'E, respectively, indicated in Fig.   2 by asterisks. No experimental data exist for these centers as yet; these would surely be critical experiments.
For Cr and Mn we find an interesting level arrangement. The possible ground-state configurations are Cr t'+t'+"e'+ "with spin S=2 -n, and Mn g'+t'+ "e2+ "with spin S =3/2 -n, where n is an integer~0. Normally, ' one associates a maximum spin value (i.e. , n =0 above) with a HSL level ordering (e+ below t ). Rather than assuming this, we have searched first for an integer n that produces the lowest total energy, letting the level ordering be determined by the self-consistent solution. In agreement with experiment, ' we find for Cr and Mn that the minimum energy solution corresponds to the maximum spin value (i.e. , n =0). Interestingly, however, these stable solutions have a LSL level arrangement [ Fig. 2(a) ]. This is so because both n=0 [cf. Fig. 2 4"(AcF for n =0, but 5"&AcF for n = 1. Notice that the latter result shows that the total energy of (S =2, n =0) is lower than that of (S =0, n =2) since the configuration e'+t is the transition-state configuration for an S = 0 S = 2 excitation. Using fractional occupating numbers n, we find that n =0. The corresponding transition energies have been calculated as total energy differences between the final and initial states, using Slater s transition-state construct.
Their trends follow those of the different one-electron levels shown in Fig. 2 . The calculated transition energies (Fig.  3) The overall agreement between theory and experiment for both ground-state and excited-state properties lends support to this new microscopic model for deep 3d impurities in silicon.
